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ABSTRACT 
Vernonia glaberrima plant is used traditionally in the treatment of cancer, diabetes and malaria in North central Nigeria. This study 
was designed to evaluate the cytotoxic effect of chloroform extract of Vernonia glaberrima and isolate some bioactive 
constituents. Neutral red cytotoxicity assay was performed using breast cancer (MCF7), cervical cancer (HeLa) and Liver cancer 
(HepG2) cells upon exposure to predetermined concentrations of the chloroform extract. The cell viability was determined 
colorimetrically after 72 hours of incubation. The extract was fractionated using silica gel column chromatography and preparative 
TLC. Isolated compounds were characterized using FTIR and NMR spectroscopy. The extract inhibited 50% cell proliferation of 
MCF7, HeLa and HepG2 cells at an IC50 value of 14.02 ± 0.03, 15.78. ± 0.04, and 16.77± 0.1 µg/mL, respectively. Two 
compounds namely, lupeol (1) and betulinic acid (2) were isolated from the extract. The two isolated compounds have been 
previously reported in literature to possess anticancer activities. Hence, the findings from this study demonstrate the potential 
anticancer properties of chloroform extract of Vernonia glaberrima. 
Keywords: Cytotoxicity, Vernonia glaberrima, Cancer, Natural product, Drug discovery 

 
INTRODUCTON 
Cancer is a devastating disorder and a major cause of 
morbidity and mortality. It is the second leading cause of 
death after cardiovascular disorders (Rumgay et al., 2021). 
In the year 2020, an estimated 19.3 million new cancer 
cases and 10.0 million cancer related mortality worldwide 
was reported (Sung et al., 2021). The prevalence of cancer 
in Nigeria is very high, with about 250,000 new cases and 
10,000 cancer deaths being recorded every year (Baba and 
Hincal, 2018). Medicinal plants have been in use for 
centuries as source of a wide variety of biologically active 
compounds. Plant products in the form of powder, 
decoction or ointments are extensively used to treat diverse 
ailments by generations of traditional medicine practitioners 
(Alhassan and Ahmed, 2016). Indigenous plants that are 
used in the traditional medicinal practice represent an 
important yet underutilized source of bioactive natural 
products. Natural products provide unlimited opportunities 
for new drug discovery because of their availability and 
unmatched chemical diversity. 
Vernonia glaberrima (Asteraceae); Synonym: Shìwaakar-
jan-gagari (Hausa language), is a locally available plant 
found in North Central Nigeria. It is used traditionally in the 
treatment of several disorders including malaria, diabetes, 
menstrual pain, cancer and skin diseases (Burkill, 1985; 
Alhassan et al., 2018). Several scientific studies have been 
carried out on the extracts of this plant in an effort to verify 
these traditional claims. Previous researches have shown 
that V. glaberrima extract has significant activity against 
diabetes mellitus, malaria and inflammation (Abdullahi et 
al., 2015a; Abdullahi et al., 2015b; Abdullahi et al., 2015c). 
Methanol extract of V. glaberrima has been reported to 

exhibit significant cytotoxic effect against skin cancer cell 
lines (A375) while it was relatively less active against breast 
and colon cancer cell lines (Alhassan et al., 2018). 
Considering the clinical and economic importance of 
cancer, this study investigated the anticancer potential of 
chloroform extracts of V. glaberrima on a panel of cancer 
cell lines as well as isolation of some phytoconstituents. 
 
MATERIALS AND METHODS 
Cell lines and Reagents 
The cell lines -breast cancer (MCF7), cervical cancer 
(HeLa) and Liver cancer (HepG2) cells were bought from 
American Tissue Culture Collection, United States of 
America (ATCC, USA). All solvents were of analytical grade 
and purchased from Merck (Merck KGaA, Darmstadt, 
Germany). Penicillin, streptomycin, EMEM media were 
purchased from Gibco (USA) while the Neutral red cell 
cytotoxicity assay kit was bought from BioVision, Inc., USA. 
 
Collection of Plant Material and Authentication  
Leaves of V. glaberrima were collected in September, 2019 
in Nasarawa LGA of Nasarawa State. The leaves were 
authenticated by Dr Ibrahim Malami of Department of 
Pharmacognosy and Ethnopharmacy, Faculty of 
Pharmaceutical Sciences, Usmanu Danfodiyo University 
Sokoto. The sample of the plant was deposited in the 
Herbarium with reference number, PCG/UDUS/ASTE/003. 
The leaves where dried, grinded to powder form and stored 
in plastic bags prior to use.  
 
Extraction of Plant Material  
Powdered plant material (400 g) was placed in an 
extraction flask and macerated with hexane (2 L) for 72 
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hours to remove the fatty material. It was then further 
extracted with chloroform (2 L) for 72 hours at room 
temperature. The supernatant was collected, filtered and 
the solvent was evaporated at 40°C using rotary evaporator 
to obtain the chloroform extract. The process was repeated 
to ensure exhaustive extraction was achieved while residual 
solvent was allowed to evaporate in an open beaker for 
three days. 
 
Cell Culture 
The MCF7 (Breast), HeLa (Cervical) and HepG2 (Liver) cell 
lines were sub-cultured in EMEM media supplemented with 
10% fetal bovine serum (FBS) and 1% 
penicillin/streptomycin. All cells were maintained at a 
temperature of 37 °C in a humidified incubator maintained 
on 5% CO2. The cells were harvested by trypsinization at 
70%–80% confluence for investigation. 
 
Cytotoxicity Assay 
Neutral red cytotoxicity assay was performed according to 
the protocol as described by Repetto et al. (2008) with 
slight modifications. The experiment was conducted in 
Centre for Advanced Medical Research and Training 
(CAMRET), UDUS. Briefly, MCF7, HeLa and HepG2 cells 
were seeded in 96-well plate at a concentration of 0.5 × 104 
cells/well and incubated overnight in a humidified CO2 
incubator at 37°C. After overnight incubation, cells were 
treated with chloroform extract of V. glaberrima in a serially 
diluted concentrations starting with 200, then 100, 50, 25, 
12.5 and 6.25 μg/mL and incubated at 37°C in a for 
another 72 h. DMSO (0.1%, v/v) was used as a negative 
control. After 72 h, all media was aspirated, well containing 
cells were washed with PBS and 100 µL of neutral red 
media was added into each well containing cells. The 
plates were again incubated at 37°C for 2 h. After 2 h, all 
neutral red media was aspirated, washed with PBS and 100 
µL of destaining solution was added into each well. The 
plates were shaken for 10 min and the absorbance was 
read at 630 nm using a microplate reader. All experiments 
were conducted in triplicates. The percentage inhibition was 
expressed as the number of viable cells to the total cell 
population and the potency of the extract to inhibit cell 
proliferation by 50% was expressed as IC50. 
 
Isolation and Characterization of Phytoconstituents  
The dried chloroform extract (10.5 g) was adsorbed in silica 
gel, dried and loaded unto an open chromatographic 
column already packed with silica gel (60-120 mesh size). 
The column was eluted in gradient mode using the 
following solvent systems; hexane/ethylacetate 100:0, 99:1, 
95:5, 90:10 and 80:20. The fractionation process was 
monitored using TLC silica gel 60 F254 (solvent system: 
hexane/ethyl acetate 9:1). Sixty-four fractions were 
collected. The fractions were combined into 10 sub 

fractions based on similarity of their TLC profile. The sub 
fractions were labelled A – J. Sub-fraction I (combined 
fractions 38 – 50; solvent system: hexane/ethylacetate 
95:5) was subjected to further fractionation. The sub-
fraction (1.2 g) was subjected to another column 
chromatography for further purification. The column was 
eluted in a gradient mode using chloroform/hexane 10:90, 
20:80, 30:70, 40:60, 50:50 and 60:40. Fifty fractions were 
collected. Fractions 9 – 36 were combined based on 
similarity of their TLC profile and dried to yield a 200 mg 
yellowish whitish isolate. The TLC analysis of the isolate 
reveal the presence of two major spots with traces of 
chlorophyll. The isolate was then subjected to preparative 
TLC (solvent system: hexane/ethyl acetate 9:1) to yield two 
compounds labeled compounds 1 and 2. 
FT-IR analysis of the isolated compounds was done using 
the ATR mode (Perkin-Elmer IR spectrometer) while 1H and 
13C-NMR spectra of the compounds dissolved deuterated 
chloroform were obtained on an Avance III Bruker 
Spectrometer at 600 and 150 MHz, respectively. 
 
Statistical Analysis 
The cytotoxicity experiment was conducted in triplicate. The 
potency of the extract to inhibit cell proliferation by 50% 
(expressed as IC50) was determined using non-linear 
regression analysis. The GraphPad Prism software version 
9.30 was used for the analysis. 
 
RESULTS AND DISCUSSION 
Cell Viability Studies 
Figure 1 shows the effect of extract concentration on the 
viability of the three cancer cell lines. The percentage cell 
viability was determined in MCF7, HeLa and HepG2 cells 
using neutral red uptake assay. The cell viability was 
measured colorimetrically after 72 h of incubation in the 
presence of chloroform extract of V. glaberrima. The extract 
inhibited 50% cell proliferation of MCF7, HeLa and HepG2 
cells at an IC50 value of 14.02 ± 0.03, 15.78 ± 0.04, and 
16.77 ± 0.1 µg/mL respectively. The results indicate a dose 
dependent increase in inhibitory activity of the extract on all 
cell lines tested. 
 
There have been limited studies on the anticancer 
properties of V. glaberrima. Although, research has shown 
that methanol extract of this plant inhibited the in vitro 
proliferation of skin cancer cell lines (A375) with IC50 of 
26.23 µg/mL (Alhassan et al., 2018), the cytotoxic effect of 
chloroform extract of this plant on MCF7, HeLa and HepG2 
cells is being reported for the first time. The IC50 values of 
the extract against all the three cancer cell lines are less 
than 20 µg/mL which is an indication of the potency of the 
plant extract against the cancer cells.  
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Figure 1. Cell viability of MCF7, HeLa and HepG2 cells 
treated with crude chloroform extract of V. glaberrima at 
different concentrations. 

 
Isolation and Characterization 
The separation of chloroform extract using open column 
chromatography afforded the isolation of two lupane 
triterpenoids namely, lupeol (1), and betulinic acid (2). The 
structures of these compounds are shown in Figure 2. The 
structures of the compounds were elucidated using FTIR 
and 1H and 13C NMR spectroscopy. The results obtained 
were also compared with the data earlier reported on the 
compounds. 

 
 

 
Figure 2: Structures of isolated compounds 

Compound 1: White crystals (120 mg); FTIR : 3310.80 (OH-stretching), 2939.0 (CH-stretching), 1639.6 (C=C stretching), and 
1387.0 and 1378.0 cm-1(OH-bending); 1HNMR [600MHz, CDCl3, δ (ppm)]: 3.21 (1H, dd, J = 11.4 Hz, 4.8Hz, H-3), 2.42 (1H, dt, J 
= 11.2 Hz, 5.4 Hz, H-19), 1.39 (1H, m, H-6), 0.99 (3H, s, H-23), 0.79 (3H, s, H-24); 0.86 (3H, s, H-25), 1.06 (3H, s, H-26), 0.97 
(3H, s, H-27), 0.81(3H, s, H-28), 4.58 (1H, d, J = 2.4 Hz, H-29α), 4.71 (1H, d, J = 1.8 Hz, H-29β), 1.70 (3H, s, H-30), 13C-NMR 
[CDCl3, 150MHz, δ (ppm)]: δ 38.9 (C-1), 27.4 (C-2), 79.0 (C-3), 38.8 (C-4), 55.4 (C-5), 18.3 (C-6), 34.3 (C-7), 40.9 (C-8), 50.5 (C-
9), 37.2 (C-10), 21.0 (C-11), 25.2 (C-12), 38.1 (C-13), 42.8 (C-14), 27.5 (C-15), 35.6 (C-16), 43.2 (C-17), 48.0 (C-18), 48.34(C-
19), 151.0 (C-20), 29.9 (C-21), 40.0 (C-22), 28.0 (C-23), 15.4 (C-24), 16.0 (C-25), 16.1 (C-26), 14.6 (C-27), 18.0 (C-28), 109.3 (C-
29), 19.3 (C-30) (Kang et al., 2013) 
 
Compound 2: White powder (35 mg); FTIR: carboxyl OH stretching (broad) at 2939.29 ( OH – stretch of COOH), 1683.69 (C=O 
stretching), 1233.60 (C-O stretch) and 881.75 cm-1 (CH3 bending); 1HNMR [600MHz, CDCl3, δ (ppm)]: 3.21 (1H, dd, J = 11.4 Hz, 
6.0 Hz, H-3), 3.02 (1H, td, J = 10.8, 4.8 Hz, H-18), 1.00 (3H, s, H-23), 0.85 (3H, s, H-24), 0.78 (3H, s, H-25), 0.97 (1H, s, H-26), 
4.76 ( 1H, s, H-29α), 4.63 (1H, s, H-29β), 1.72 (3H, s, H-30), 13C-NMR [CDCl3, 150MHz, δ (ppm)]: δ 38.8 (C-1), 28.0 (C-2), 79.0 
(C-3), 36.6 (C-4), 55.4 (C-5), 18.3 (C-6), 34.4 (C-7), 40.7 (C-8), 50.6 (C-9), 37.2 (C-10), 20.9 (C-11), 25.5 (C-12), 38.7 (C-13), 
42.5 (C-14), 30.6 (C-15), 32.1 (C-16), 56.2 (C-17), 46.9 (C-18), 49.3(C-19), 150.3 (C-20), 30.5 (C-21), 37.0 (C-22), 28.7 (C-23), 
16.0 (C-24), 16.1 (C-25), 16.5 (C-26), 15.3 (C-27), 179.4 (C-28), 109.6 (C-29), 19.4 (C-30) (Bisoli et al., 2008).  
 
 
Lupeol (1) was obtained in relatively higher amounts (120 
mg), suggesting the isolate is a major phytoconstituent 
present in the chloroform extract compared to betulinic acid 
(2) which was obtained in a relatively small amount (35 
mg). Isolation of Betulinic acid from V. glaberrima is being 
reported for the first time while lupeol was previously 
reported (Alhassan et al., 2018) to be present in the plant. 
Both compounds are lupane-type triterpenoids with similar 
structure. The only difference is that the methyl group at 
position 28 of lupeol is being replaced by a carboxiylic acid 
group in betulinic acid. Previous studies have shown that 
lupeol possess antiproliferative effects against breast 
cancer cells (MCF7) (Pitchai et al., 2014), hepatocellular 

carcinoma (HCC) cell lines (Liu et al., 2021) and human 
cervical carcinoma (HeLa) cells (Prasad et al., 2018). 
Betulinic acid has also been shown to inhibit the 
proliferation of hepatocellular carcinoma (Liu et al., 2019). 
Based on the reported effects of these compounds, it is 
likely that these compounds play major roles in the 
observed cytotoxic effects of the chloroform extract of V. 
glaberrima.  
 
CONCLUSION 
The cytotoxic effects of the chloroform extract of V. 
glaberrima on MCF7, HeLa and HepG2 cells demonstrate 
the anticancer potential of this plant. The presence of lupeol 
and betulinic acid may partly account for the observed 
bioactivity. Other yet to be identified constituent which are 
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present in the chloroform extract tested could have 
contributed to the observed cytotoxic effect. Further 
phytochemical investigations are needed to identify other 
constituents present in the extract that could be active 
against cancer cell lines. The finding of this study serves as 
a prelude for further investigations towards the discovery of 
new anticancer medication from V. glaberrima either as 
single chemical entity or standardized herbal preparation.  
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